Abstract-The presence of gas, oil and water in one system triggers complications in the process of transporting products of the oil and gas exploration. Upon handling a multiphase flow, formation of hydrate and plugging of the pipeline system causes a severe problem significantly. Hence, this research investigates on the behaviours of a multiphase flow and prediction of possible location of hydrate formation within the pipeline system using Computational Fluid Dynamics (CFD) modeling approach. The favourable condition for hydrate to form is assigned in the pipeline system and is further investigated. The results of pressure, temperature, turbulence and volume fraction obtained from the modeling process are used to predict the possible location for hydrate formation and decomposition within the internal pipeline system. The result shows a rapid change in pressure gradient observed in the area of the bending section of the pipeline and an obvious pressure difference seen within the outer wall (11 bar) and inner wall (40 bar) section of the bending pipe. Furthermore, the results indicates the area that are highly incorporated with the turbulence is at the ending part of the bending section. Hence, this phenomena enhances the chance of the formation of hydrate and decomposition within the pipeline system. Hence, having a bending in pipeline system increases the risk of the hydrate formation and deposition.
I. INTRODUCTION
In the Oil and Gas (O&G) industry, millions of dollars are being invested by companies and investors in the development of deep water exploration in favour that it will bring substantial amount in a return. Since high amount of capital investments established towards the production line in specific, transporting the main product from the crust of the earth within the upstream facilities to the downstream of the refineries onshore is a crucial aspect than ever. Nevertheless, certain complication rises upon dealing with an extensive length of pipeline system. As the distance of the oil well can be hundreds of kilometer towards the sea, the issues of pressure loss and velocity change within the pipeline itself can occur substantially and may hinder the production line [1] . The product is usually being transported in a multiphase pipeline system. As different types of medium have un-consistent amount of density, the flow and behaviour of the medium within the pipeline system can flutter easily.
Designing a multiphase pipeline should precisely be done to eliminate any possibility of flow interruption. The flowline and riser within a pipeline system is the area that reciprocate with flow interruption, particularly on the lower part of the riser section [2] . The main complication within the flowline and riser are commonly hydrate formation and slugging which will cause the production line to be interfered and sometimes leads to further other complication such as corrosion. Esam et al. (2010) employed computational fluid dynamics (CFD) modeling approach to investigate hydrate deposition in gasdominated flowlines. The results predicted by the model show that the distance of the deposition decreases as the particle size increases [3] .
Recently, a new model for hydrate deposition and sloughing in gas dominated pipelines which allows for rapid estimations of the pressure and temperature profiles along a horizontal pipeline during normal operation in the hydrate forming region was proposed by Mauricio et al (2018) . The tuned model predicted hydrate formation within 40% and pressure drop within 50% of measurements [4] . Ibrahim et al. (2016) showed the applicability of radial basis function networks and support vector machines to hydrate formation conditions prediction. The study concluded that data-based models can enable the oil and gas industry to predict the conditions leading to hydrate formation [5] .
The aim of this paper is to simulate and the multiphase flow inside a horizontal and vertical pipeline and investigate the conditions of hydrate formation inside the multiphase pipeline system for total flow assurance accountability using CFD modeling approach.
II. METHODOLOGY

A. Geometry Setup
In the case of modeling the flow within the pipeline system, a full assembly of the designed pipeline system is adapted into account to imitate the flowline (horizontal) and riser (vertical) pipe. Fig. 1 shows the 3D model of the full assembly of the pipeline that is used in the simulation process. The full assembly of the pipeline includes; two Raised faced weld neck flange pipes with the length of 2.5 m, a 90 0 elbow pipe with the length of 1.0 m, two CG spiral wound gaskets on pipe joints and a total number of 24 complete bolts and nuts to hold and secure the full assembly in place. Fig. 2 shows the assembly between the pipelines with the gasket. Focusing into the area that the flow simulation are concerned, the conceptual geometry was converted into CFD geometry by taking into account only the interior volume of the total pipeline on each segments. The geometry imported into ANSYS Design Modeler and used as the primary 3D geometrical model for the process of simulating a multiphase flow. The assembly specified into three different zones for classification purposes and for easy meshing generation process. Table 1 gives an insights of the interior volume pipe properties and classification of zones of each segment. In compliance to the positive flow direction, Zone 1 is considered and classified as the initial pipe segment where the area for inlet is assigned. Zone 3 defined as the ending pipe segment where the outlet is assigned. The fluid is considered to flow from the end of the horizontal pipe and flows out through the vertical pipe. Fig . 3 shows the 3D fluid volume of the pipe assembly. The overall diameter of the interior pipe (0.2 m) are equal throughout the whole flow process to take place. Upon taking account the interior volume as the as the reference area, the length of the bending segment of Zone 2 is 1.0m and radius of bending is 0.5 m. The total length of the whole pipeline assembly is 6.0 m. Detail properties of the pipeline used in the simulation is provided in Table 2 . 
B. Meshing Generation
A deliberate amount of consideration need to be given during this step as having a precise amount of meshing for the 3D geometrical model gives the impact straight towards the results clarification. Upon performing the meshing process, the segments that are initialized earlier as the geometrical model will be divided into a much smaller discrete as a representation.
A discretized governing equation was solved in each of the segments in the meshing process. Fig. 4 illustrates the meshing generation that was developed to the 3D geometrical model for the inspection of the fluid flow. The generation process was done using ANSYS ICEM CFD that was build-in together inside ANSYS Fluent software. Accordance to the elementbased finite volume method, a total number of 50045 nodes and 107193 elements was generated by having an element size to default which includes a total number of ten (10) inflated layers at the wall areas. The mesh generation was done to its most satisfactory level only and a much more accurate and more reliable results can be achieve if the mesh dependency was refined to satisfactory. 5 illustrates the inflation layer that was assigned to the wall areas of the internal volume of the pipe. Function of an inflation layer is to reduce the number of cells in the meshing process. By doing so will increase the accuracy of the result primarily in the wall region areas. It is a good practice to include the inflation layer on to the 3D geometrical model in the meshing development of simulating a turbulence models. Flows within the wall region areas of the pipe may be in a complex behaviors, thus adapting an inflation layer will help on capturing the actual conditions and help in making the result of the CFD to be more realistic. 
III. MATHEMATICAL MODELING
A. Boundary Condition
CFD method of approach have done a significant and excellent job in adapting the multiphase flow into practice. Boundary conditions was established before the simulation run.
1) Boundary Condition at Inlet
At the inlet, uniform profiles for all the dependent variables were employed by Equation 1.
where un is normal velocity perpendicular to the inlet plane. The gravitation direction is downward or in the opposite direction of the inlet velocity.
2) Boundary Conditions at the Wall
A non-slip boundary condition is imposed on the wall of the pipe. The two-layer based non-equilibrium wall function method was used to account for the near wall regions in the numerical computation of turbulent flow. In the near wall cell, the value of the dissipation rate of the turbulent kinetic energy is given by Equation 2 .
Where Cμ is a k-ε model parameter whose value is typically given as 0.09.
3) Boundary Conditions at the Outlet
The outlet boundary condition is recommended to be set up as a pressure outlet boundary instead of as an outflow boundary to avoid difficulties with backflow. The diffusion flux for the entire variables in exit direction was set to zero (Equation 3).
B. Flow Parameters
In the approach of CFD modeling, the establishment of the dynamic similarities between the model and the actual system need to be specified as close as possible in order to achieve a reliable result for interpretation. Therefore, some of the parameter input used in the particular simulation process is determined by using the empirical methods.
1) Volume Fraction and Density
The volume fraction of the dispersed phase is defined as in
where δVd is the volume of the dispersed phase in volume δV. The volume δV 0 is the limiting volume that ensures a stationary average. Unlike a continuum, the volume fraction cannot be defined at a point. Equivalently, the volume fraction of the continuous phase is given in Equation 5 .
where δVc is the volume of the continuous phase in the volume. This volume fraction sometimes referred to as the void fraction. The volume fraction of the dispersed is often referred to as holdup. By definition, the sum of the volume fractions must be unity as defined in Equation 6.
The bulk density (apparent density) of the dispersed phase is the mass of the dispersed phase per unit volume of mixture or, in limit terms, referred to Equation 7.
where δMd is the mass of the dispersed phase. The bulk density is related to the material density ρd by Equation 8.
The sum of the bulk densities for the dispersed and continuous phases is the mixture density is expressed in Equation 9.
2) Superficial and Phase Velocity In a multiphase flow within a pipeline, the superficial velocity of each phase is the mass flow rate, m of the phase divided by the pipe cross sectional area, A. The material density is define in Equation 10.
The superficial velocity Ud and phase velocity, ud are related by the volume fraction expressed in Equation 11.
3) Fluid Properties
In the approach of modeling the multiphase flow, a two phase flow of a gas-dominated system in specific is taken into subject of interest. Therefore, the properties of each phase are determined where in a pipeline consists of gas-liquid flow. The medium for gas phase in this matter is methane and watervapor as liquid medium. Table 3 represents the general condition properties that is considered in flow inside the pipeline. The gas-dominated system is assigned with two fluids within the flow of the simulation process. Therefore, Table 4 is the parameters of the material properties of water-vapor that is used in simulation for flow inside the pipeline system. Methane is the second fluid type considered in the simulation that will be flowing together with water-vapor inside the pipe. Methane is chosen as the primary gas component to be adapted in the flow process because of the composition properties that it carries and it has the highest tendency of formatting hydrates compared to other natural gases. Table 5 provides the properties of methane gas. 
IV. RESULTS AND DISCUSSION
A. Model Validation
In the approach of validation of results, the simulation was done by imitating a system that undergoes a gas-dominated rather than a liquid-dominated system. A two-phase flow with methane as the primary continuous gas phase and water-vapor as the liquid phase is subjected into the internal flow of the pipeline. The primary concern in performing the simulation process is to model the hydrate formation and investigate the main possible area that are subjected to the hydrate formalities within the internal areas of the pipeline. Based on the theoretical approach, the prediction of hydrate formation starts to precipitate within the hydrate region area in which subject to right combination of pressure and temperature. Fig. 6 illustrates the pressure-temperature diagram of hydrate region that is adopted in the process of validating the simulation results of possible formation of hydrate within the pipeline system. Hydrate formation and deposition are highly depend on the condition of pressure and temperature. 
B. Conditions of Hydrate Formation and Deposition
As specified in the methodology section, all the criteria and the flow parameters assigned before the simulation process takes place. The favourable condition for hydrate to actually form structure and considered to be in stable under the pressure in excess of 35 bar, which is equivalent to the pressure that is approximately 3.5 MPa. Therefore, the simulation process adapted the favourable pressure condition of hydrate formation to be 95.9 bar, which is equivalent to 9.59 MPa as the operating condition. Beyond that pressure, the possibility for hydrate formation to occur is certainly. The great amount of pressure within the pipeline system actually helps in preserving the hydrate and keeping it in stable form.
As for the temperature condition for methane hydrate to form at temperatures greater than the freezing point of water. The condition within the deep-sea areas has the highest probability of promoting the hydrate formation, primarily the formation will start at the temperature within the range of 273.15 K and up to about 288.16 K higher. Therefore, the operating temperature was set as 288.16 K, which is the most favourable range for hydrate to form. The incorporation of pressure and temperature determines the formation of hydrate. For an example, if there is an increase in temperature within the system even though the pressure was enormous, the process of hydrate formation will definitely cannot be achievable.
The possibility of forming a methane hydrate in the pipeline is then was achievable, as the two primary favourable condition was assigned.
C. Possible Location of Hydrate Formation and Deposition
1) Pressure and Temperature
In the process of predicting hydrate formation within the internal pipeline system, condition of pressure and temperature need to be investigated concurrently as both of this attributes are the primary prerequisites for hydrate to form. Fig. 7 illustrates the total pressure result that was obtained from the simulation process of a gas-liquid flow upon assigning methane as the primary continuous gas phase and water-vapor as the liquid phase. It can be seen that the distribution of pressure is dropping gradually within the whole cross-sectional area of the pipeline. This is due to the occupancy of methane gas and water-vapor dispersion distribution within the internal section area of the pipeline. Explicitly, a sudden change in pressure gradient can be observed in the area of the bending section of the pipeline. An obvious pressure difference can be seen within the outer wall (11 bar to 26 bar) and inner wall (40 bar to 53 bar) section of the bending pipe. Primarily, when dealing with a bending type of flow, there will be an existence of radial pressure gradient which are produced by a centrifugal force acting on to the fluid. The fluid that flows at the center of the pipe will shift the flow motion towards the outer bending section of the pipe and creating a spiral motion of flow. Concurrently, the flow in the internal section of the pipeline will also be developing the spiral motion right after the bending section due to the extensive amount of bending curvature. As a result, the outer wall of the bending pipe will experience an increase in pressure whereas the pressure inner wall of the bending pipe will decrease. Fig. 8 illustrates the static temperature results that was obtained from the simulation process of a gas-liquid flow upon assigning methane as the primary continuous gas phase and water-vapor as the liquid phase. The temperature drop occur steadily throughout the whole pipe system starting from he inlet area (6.53 o C) towards the outlet area (6.41 o C) of the pipeline system. The phenomena are further been clarified by a graph representation shown in Fig. 9 for a better viewing and understanding. Nevertheless, due to the separated flow that occurs in the internal and external area of the bending pipe, a significant fluctuation of temperature difference can be seen clearly. This is possibly due to the lingering effects of temperature that the fluid is importing at initial are colliding with the external wall area of the bending pipe and causes a high concentration of temperature within the area. The temperature drop within the pipeline system primarily expected to be happening during the flow process. Although, the values are adequately within the range for hydrate to actually form and deposits. As a result, this condition will further minister and promote the formation of hydrate and decomposition within the pipeline.
2) Turbulence
One of the condition that actually promotes the formation of hydrate in the system is turbulence. The intensity of turbulence gives a direct impression of the fluid velocity. Therefore, investigating the turbulence characteristics within the flow of the pipe can further help in predicting the possible area that hydrate formation will take place. Fig. 10 illustrates the turbulence kinetic energy results that was obtained from the simulation process of a gas-liquid flow upon assigning methane as the primary continuous gas phase and water-vapor as the liquid phase. Based on the simulation result, the area that are highly incorporated with the turbulence is at the ending part of the bending section. One can see a dramatic increase in turbulent kinetic energy in the bending are of the pipeline. As turbulence reflects on the velocity of the fluid, the area that are subjected to the turbulence will definitely acquires a high velocity in flow. Thus, the section that was indicated by the result cast a very reliable result. Primarily, as the flow passes through the bending area of the pipe, an amount of pressure will significantly dropped right after the bending section due to the centrifugal force that is acting on to the fluid as shown in Fig.  7 . This gives a reflection directly towards the velocity of the fluid flow upon adapting the Bernoulli's Principle.
The sudden pressure change cast a catastrophic effect on towards the flow behaviours of the fluid within the section of the pipeline. A turbulent effect of fluid flow was generated and can be seen clearly in the bending section area of the pipeline. This phenomena will definitely further enhance the formation of hydrate and decomposition within the pipeline system.
For further clarification in regards to turbulence characteristics, Fig. 11 was illustrated in such way to show the turbulence intensity within the internal pipeline area. Similarly, the area that has the highest intensity of turbulent relies within the ending part area of the bending section. Therefore, it can be said that within that section of area, the tendency of hydrate formation to occur is highly possible. Fig. 12 illustrates the volume fraction results that was obtained from the simulation process of a gas-liquid flow upon assigning methane as the primary continuous gas phase and water-vapor as the liquid phase. The volume fraction result was taken out based on the liquid phase attributes primarily to observe the accumulation and concentration area that watervapor are clustering in within which area of the pipeline section.
3) Volume Fraction
Volume fraction was considered to be as one of the catalyst that further promotes the hydrate formation and decomposition. In expressing the volume fraction of the flow in terms of the liquid-phase gives the benefit of the amount of free-water presence in the pipeline system. Free-water can be considered to further help in promoting the formation of hydrate in general. By having a plenty of water inside the system gives the assurance of formation of hydrate plugging in the pipeline system. Based on Fig. 12 , the concentration of liquid relies within the bending section area. The turbulence intensity result that was illustrated earlier was clarified in this section. The amount of liquid that was build up in the area causes a turbulence effect in the bending area of pipeline section. 
D. Pressure Drop Concerns
The presence of hydrate formation in the pipeline system will gives a significant impact towards the pressure difference within the sections of the pipeline. Therefore, the issue of pressure drop need to be studied in detail in the presence of hydrate in the system. Pressure losses are one of the main concern when dealing with a bend pipelines. This is due to the friction and momentum exchanges that occurs from the effects of direction flow transitions. The two criteria are highly depending on the dimensional and orientation of the pipeline which is the bend angle and also the curvature ratio.
The pressure drop are mainly to take place if there is a change in the direction of the flow. Upon dealing with a multiphase flow, a much more complex behaviours of the fluid flow will take place in the system. This include the transfer movement of the bubbles in the flow towards the section of the bending area primarily in the separated flow area. In the presence of water bubbles, adequate amount of pressure and temperature, and perfect nucleation site (bend fittings) and the promotion of pressure drop in the system will further minister and promote the formation of hydrate and decomposition.
After investigating and studying the flow characteristics of the fluid within the pipeline section, the pressure drop in the system are devotedly to be in presence. Fig. 13 shows the pressure attributes obtained from the simulation process. The static pressure of mixture flow was adapted for the study case of pressure drop. In the process of examining the result, the pressure gradient are significantly dropping progressively in the direction of flow. As explained in the earlier subtopic, the possibility of pressure to be negative elevation are primarily due to the velocity magnitude of the fluid.
Bernoulli's Principle equated the phenomena and as specified, velocity and pressure relates inversely proportional towards each other. In other words, increase in the amount of velocity will decrease the amount of pressure in general. The reflection of the principle can directly be seen in the contours of static pressure of the pipe. Fig. 14 was illustrated as a result of pressure drop throughout the whole flow process within the 6.0 m pipeline system. A comprehensive study of the flow behaviours, characteristics and the possible hydrate formation and deposition within the internal pipeline system was presented in this study. The Computational Fluid Dynamics (CFD) modelling approach was implemented as well as a simulation process was used in terms of pressure, temperature, turbulence and volume fraction performed in multiflow pipeline systems.
In conclusion, having a 90 degree elbow pipeline system increases the risk of the hydrate formation and deposition. Therefore, in the process of designing and construction of oil and gas pipelines for subsea areas, highest consideration need to be taken into account besides a reduction in the pipe fitting selections and pipe bends. If highest consideration was taken into action, the hydrate formation within the interior part of the pipeline will be minimized and the possibility of generating a constant rate of production can be easily achieved.
Adapting CFD analysis into the account of predicting hydrate formation within a multiphase flow pipeline system significantly improves the process. By doing so, a total calculation on the area that have the highest tendency of accumulating hydrates was predicted. This will definitely be beneficial to the oil and gas companies and investors as in the achievement of the research findings helps in estimating and increasing the performance of production upon transporting the raw product to the topsides facilities.
